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into radical anions in a parallel reaction. As stated
earlier the stoichiometry 1:1 is actually 1:2 when
the effective concentration of the hydrocarbon is
used for computation.
Another interesting point observed is that the
stoichiometry changes over to 1:2 in the case of
2,4-dinitrotoluene if the [base] ~ [substrate]. At
O'2M NaOH in 50% aq. DMSO (v/v) with 2,4-di-
nitrotoluene (0'0012M) and ferricyanide (0'0024M)
there was no residual ferricyanide in a stoichiometric
run. This shows that there is no parallel reaction
of radical anion formation in the case of 2,4-dinitro-
toluene and the rapidly formed carbanions are con-
verted into the oxidation product. Thus it is clear
that only feeble [base] generates radical anions in
the case of 2,4-dinitrotoluene. However, irrespec-
tive of the [base], there is radical ion formation in
the oxidation of p-nitrotoluene.
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PolaroJaraphic reduction of an aqueous solution of
Cu(4-picoUneMN03)s and Cu(3-picolineMNOa)s in the
presence of ~elatin ~ives diffusion-controlled one-step
irreversible reduction waves (Cull -+- CuO). The pro-
cessea have been characterized by measuring rate cons-
tant (kr) and activation energy of ditIusion (Ea) at a
reference potential -0·16 V. 4-Picoline complex having
more neJaative value of aEt is more stable than the
3-picoUne complex which is more easily reduced at the
d.m.e. This is in contormtty with the order of
basicity of the llgands.
THE polarographic behaviour of Cu(3-pic)~+ion
and Cu(4-pic)~+ ion (where 3-pic = 3-picoline
and 4-pic = 4-picoline) have been studied in different
media to get useful information on the electrode
reduction of these complex ions at the d.m.e. under
comparable conditions.
To a clear ethanolic solution of Cu(NOa)•.6H20
(AR) pure ligand was added in slight excess and the
solution was crystallized to get pure blue crystals
of Cu(pic),,(NOa)2' The crystals were separated
under suction, washed with ethanolic solution of
respective picoline (2%), dried and analysed by
standard methods.
Distilled water redistilled in an all-glass still with
the addition of little KMnO, and KOH was used
to prepare all the solutions.
*To whom all the correspondence should be addressed.
Freshly prepared solution of gelatin was used as
the maxima suppressor.
The polarograms of the deaerated, thermostated
( ± 0,1°) solutions were recorded on a polarograph
provided with automatic recording device (Hungarian
make, type OH 101/1). SCE was used as the
reference electrode. Sensitivity of the current
measurement could be selected out of 28 variable
steps between 1X 10-8 and 8X 10-6 a/mm. A poten-
tial range of 0·5 V could be applied at the indicator
electrode and the recorder pen travelled 200 mm
on the chart paper for the applied e.m.f. By know-
ing the initial potential reading it was possible to
evaluate E1 and values of i and id at different
potentials. An external SCE was used which was
connected to the experimental solution in the
polarographic cell through appropriate agar-salt
bridge. The unit was calibrated as usual.
A conductivity bridge (Toshniwal) was used for
conductance measurements for evaluating diffusion
coefficients as required.
It has been found that in the absence of ' free'
ligand in solution the main polarographic wave of
each complex ion in the presence of KNOa is
preceded by a very small prewave the height of
which is independent of the height of mercury
column. For the main wave of each complex
. I 1 ( 3·1 )
~Hm heft heft = h - (mt)l
is constant indicating that limiting current is
diffusion-controlled. Thus, with two different
heights of mercury reservoir, namely 79·8 and 70·0
em, the ratio iUm/h:f! gave the values 0·80 and 0·82
for 4-picoline complex and 0·69 and 0·70 for 3-picoline
complex.
As the electro-reduction process is irreversible,
Ilkovic equation (ilim= 607 nDl/2 cm2/3 tl/6) was not
used to evaluate the value of n, the number of elec-
trons involved in the electrode process. The value
of diffusion coefficient (D) for each complex ion was
obtained from the value of equivalent conductance
of the corresponding complex salts at infinite dilution
from the well-known relation D = (RT/ZP) Ao.
The usual plot of -E vs log (ililim-i) was used
for the evaluation of E,. The slope of the log plots
indicated irreversible nature of the waves. The
E1 values in different supporting electrolytes are
given in Table 1.
TABLE 1- HALF-WAVE POTENTIAL OF PICOLINE CoMPLEXES
OF Cu(II) IN DIFFERENT MEDIA
[Temp.= 25° ± 0.1°, complex cone, = 1 x lo-aM; gelatin
= 0'005%, h = 79·8 em, m = 0·77 mg sec=, t = 3·25 sec=]
Medium E1 (vs SCE), V
Cu(3-piclt+ Cu(4-picW
-0,049
-0,050
-0·110
-0'106
O'lM KNO.
1·0M KNO.
0'1M KCl
O'lM NH,Cl
-0,036
-0·038
-0·079
-0,069
NOTES
TABLE 2 - HALF-WAVEPOTENTIALSIN THE PRESENCE OF
EXCESS LIGAND
(Temp.= 25° ± 0'1°; complex conc.= 1 x 10-sM;
Ii = 79·8 cm; KN03 -= O'lM; gelatin = 0'005%)
[Ligand)
M
E1 (vs SCE)
V
Cu(3-pic)i+
0·025
0,187
0,567
-0,064
-0,100
-0,209
0·019
0·038
0·056
0·094
Cu(4-pic) !+
-0,166
-0,187
-0·215
-0·264
~
In the presence of KCI of.NH,CI, no prewave was
noted and the Ei values for each complex were more
negative than in the presence of KNOs.
Both the complexes of copper show a prewave
in O'lM KNOa. In the case of 3-picoline complex
this vanishes in the presence of excess of ligand,
unlike the 4-picoline complex where it persists even
in the presence of excess of ligand. The Ei also
increases in each case with excess free ligand in
solution (Table 2).
From the characteristics of the irreversible waves
of the two complexes in O'lM KNOs, the rate
constants for the electrode reactions were evaluated
using the method of Oldham and Parry- (Eq. 1) at
a reference potential of -0·16 V (vs SCE) which is
within the diffusion-current-plateau for both the
systems.
-E - -E 2·303 RT I X(5·5-X)
- !+ rt.1'1F og 5(1-X) ... (1)
where X = ~E (iE = average current at potential
~lim
E, ilim = average limiting current of the same
potential) which is valid in the entire region
where 0 ~ X ~ 1. When -E is plotted against
log [X (S'5-X)jS(1--X)], the values for «n. and Ei
could also be evaluated from the slope and the
intercept respectively. The rate constant at the
reference potential and temperature for each com-
plex was also determined using Eq. (2).
2·303 RT -
-Ei = -E, + Flog (0·89 K,ytjD) ... (2)
ocn
where K, = rate constant at the reference potential,
E" t, D, «n and F have their usual significance.
From the Arrhenius plot of -log k, vs 1jT, the
activation energy, Ea, could also be obtained and
the values for 4-pic and 3-pic complexes are 4·18
and 2·87 kcaljrnole respectively at 300 ± 0.10• The
results are given in Table 3.
The activation energy of diffusion was also
evaluated» from the slope of plot between log id vs
1jT. The values obtained are 4·09 and 2·70 kcal
mole'< for 4-picoline and 3-picoline complexes.
TABLE 3 - RATE CONSTANTSFOR THE ELECTRODltREACTION
Temp. Cu(4-pic)i+ Cu(3-pic) :+
(0C)
Et 101X k, Et 102 X k,
(vs SCE), V (cm sec=) (vs SCE), V (cm see-1)
25 0·049 2·61 0·036 7·07
30 0·041 2,92 0,033 7,62
35 0·036 3·30 0·030 8·32
The half-wave potentials of the complex ions with
the same metal but different ligands having same
value of o: provide a measure of the stability of the
ion. The ion which requires more energy for
disruption will have more negative half-wave poten-
tial. Where the half-wave potentials have different
transfer coefficients (as in O·lM KN03 in the
present case) 'JEi instead of Ei may be compareds.
From the values of the slope of the log plot
(= 0·0591/n at 25°) and considering n = 2 the values
for rt.Et for these complexes came out to be -0·0130
V and -0·0142 V (vs SCE) for 3-picoline and
4-picoline complexes respectively at 25° in O'lM
KNOa. This indicates that 4-picoline complex is
more stable than the 3-picoline complex which is
more easily reduced. This observation is in harmony
with the order of basicity of ligands and stability
constants of these complex ions'.
The reduction process can be assumed to take
place with the metal ion and four coordinating
groups in one plane which is oriented parallel to the
electrode surface. The two orbitals 3dn and 3dy,
which can accept electrons to ensure reduction and
which are oriented to the electrode surface are not
empty. These are at the first step vacated by the
promotion of an electron from each of these orbitals
to the 3d",._y. and 4s orbitals of copper. Thus
smaller the excitation energy required for this,
the easier will be the process of reduction. The
reduction process will also be easier for the ligand
which facilitates back donation of electrons. As
methyl group is an electron donating group it confers
fractional negative charge on the nitrogen atom of
4-picoline, confirming its more basic nature, but
hindering back donation through its nitrogen end.
In the case of 3-picoline complex the nitrogen
atom does not assume this extra negative charge.
So, contribution of ligand towards easier reduction
can be more reasonably expected from 3-picoline
than 4-picoline.
The authors express their gratitude to Dr H. C.
Mishra for facilities.
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